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Sustainable Design Approaches –  
From Durable Concrete to Service Life Design for Concrete Structures 
Harald S. Müller, Michael Vogel and Michael Haist
Institute of Concrete Structures and Building Materials (IMB) and Materials Testing and Research Institute (MPA Karlsruhe),
Karlsruhe Institute of Technology (KIT), Germany
Abstract: Sustainable structural engineering is based on the basic principle that the energy and resources consumption due to 
the erection and operation of a building or structure must be minimized. For the structural engineer this opens up two possibili-
ties: On the one hand, the embedded energy necessary for the erection of the building must be minimized, for example by us-
ing cement reduced concretes. On the other hand, this approach only leads to a sufficient sustainability if a sufficient durability 
of the structure is guaranteed. This means that the durability of the structures, and especially of our infrastructure, must be suf-
ficient to withstand the different environmental exposures during the planned service life. Therefore it is necessary to use dura-
ble building materials in connection with elaborated tools which allow for the prediction of the time dependent material beha-
viour. Against this background this paper focuses on the properties, mainly the durability and the sustainability of new types of 
concrete, with a special focus on Ultra High Performance Concrete. Furthermore, the basic tools of probabilistic design con-
cepts for durability and the related material models are dealt with and different applications in practice will be shown. Particu-
lar emphasis is laid on the failure analysis and the risk assessment. New approaches will be presented to deal with coupled de-
gradation processes and to integrate durability design with singular structural damages (e.g. failure of pre-stressing).
Keywords: Sustainability, Durability, Green Concrete, Ultra High Performance Concrete, Service Life Design.
1 INRTODUCTION 
In the recent past the concept of sustainable develop-
ment came into the focus of public and political 
awareness. The most important principle of this con-
cept is that the current resource consumption must not 
affect the needs of future generations. As buildings or 
constructions are usually realized to last 50 or more 
years – i.e. more than one generation –, the building 
industry plays a key role in all kinds and strategies for 
sustainable development. This holds particularly true 
before the background that the construction industry is 
responsible for a significant percentage of the material 
and energy use by mankind. The realisation of the 
principle of sustainable development requires durable 
building materials in connection with a method for 
service life design of concrete structures.  
2 NEW TYPES OF STRUCTURAL CONCRETES 
In the last two decades considerable progress in con-
crete technology has taken place. New types of con-
crete, such as self-compacting concrete (SCC) and 
high strength concrete (HSC), are produced and ap-
plied in practice on a routine basis. Today even ultra 
high strength concrete (UHPC), reaching compressive 
strength values above 200 MPa, may be produced and 
applied for precast concrete elements. Further, prom-
ising trends such as ultra ductile concrete, ecological 
concrete (green concrete) and textile concrete are un-
der way. Particularly, green concrete – which is a type 
of structural concrete with reduced environmental im-
pact in terms of reduced energy consumption, reduced 
emissions to the atmosphere, reduced waste and re-
duced consumption of natural resources – is in the 
focus of the current research in the field of sustaina-
bility. Besides, also the strengthening of concrete by 
new materials reveals a remarkable potential for the 
improvement of concrete performance.  
It is not possible to treat the above mentioned special 
concretes in detail here. Hence, this paper concen-
trates on ultra high strength concrete, which is also a 
sustainable concrete as will be subsequently shown.
This type of concrete may be roughly characterized as 
a structural concrete with a compressive strength 
above 120 MPa achieved by a very low water/binder 
ratio and an optimized packing density of all granular 
raw materials. 
As the very high strength is always associated with a 
very high durability, i.e. excellent performance cha-
racteristics, this type of concrete is usually termed as 
Ultra High Performance Concrete. 
Mix design, composition and properties in the fresh 
and the hardened state of this special concrete deviate 
considerably from those of conventional structural 
concrete, as will be shown in the subsequent sections. 
Moreover, the related governing parameters and ef-
fects are dealt with in the following. 
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Effects of Steel and Polypropylene Fiber Addition on 
Interface Bond Streng h between Normal Co crete Substrate and 
Self-Compacting Concrete Topping
Slamet Widodo
Doctoral Student at Department of Civil Engineering, Diponegoro University, Semarang, Indonesia
Iman Satyarno
Department of Civil and Environmental Engineering, Gadjah Mada University, Yogyakarta, Indonesia  
Sri Tudjono 
Department of Civil Engineering, Diponegoro University, Semarang, Indonesia
Abstract: Based on facts that the composite action in semi-precast and strengthened structural system depends on the bond 
strength of the interface between concrete faces of different ages, this preliminary research is aimed to investigate effects of 
mixed polypropylene (PPF) and steel fiber (SF) addition on the hardened properties of Self-Compacting Concrete (SCC) and 
its bond strength when used as topping layer on normal concrete substrate. Effects of hybrid fiber addition on the hardened 
properties of SCC were investigated based on the compressive, splitting tensile and flexural strength of concrete specimens
which is tested in 28 days of age. In the next step, the tensile and shear strength of the interface were evaluated using indirect 
splitting tensile and bi-surface shear test method. In this research, fiber addition were prepared using 1 kg/m3 PPF and various 
SF addition ranging from 15 kg/m3, 20 kg/m3, 25 kg/m3 and 30 kg/m3. Test results indicate that hybrid fiber addition does not 
affect the compressive strength significantly but it leads positive improvement to the splitting tensile and flexural strength of 
hardened SCC and also improve the bond strength between SCC and normal concrete. Hybrid fiber addition of 1 kg/m3 PPF 
which is combined with 20 kg/m3 SF can be suggested as optimum composition for Hybrid Fiber Reinforced Self-Compacting 
Concrete (HyFRSCC) that will be used as topping or overlay material based on its hardened properties and interface strength.
Keywords: SCC, hardened properties, interface strength, polypropylene, steel fiber.
1 INTRODUCTION 
In construction field, the problem that related with 
diffe nt ages of concre e layers, b th for new 
structures, stren thening and rehabilitation of
existing ones become more prominent. Proper bond
strength at the i terface is required for composit  
action between new and old concrete. The strength 
capacity of tensile and shear stresses at the interface 
between concrete faces of different ages is very 
important to create force transfer between pre-cast 
elements, including add in-situ concrete to pre-cast 
elements or to existing cast-in-place sections. Even 
for conventional reinforced concrete construction in 
which entirely cast-in-situ structures, construction 
joints are sometimes unavoidable due to geometric 
or technical considerations. Figure 1 and Figure 2 
illustrates the working stresses which can be 
observed in concrete interface for common structural 
application.
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Mix design, composition and properties in the fresh 
and the hardened state of this special concrete deviate 
considerably from those of conventional structural 
concrete, as will be shown in the subsequent sections. 
Moreover, the related governing parameters and ef-
fects are dealt with in the following. 
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Abstract: Based on facts that the composite action in semi-precast and strengthened structural system depends on the bond 
strength of the interface between concrete faces of different ages, this preliminary research is aimed to investigate effects of 
mixed polypropylene (PPF) and steel fiber (SF) addition on the hardened properties of Self-Compacting Concrete (SCC) and 
its bond strength when used as topping layer on normal concrete substrate. Effects of hybrid fiber addition on the hardened 
properties of SCC were investigated based on the compressive, splitting tensile and flexural strength of concrete specimens
which is tested in 28 days of age. In the next step, the tensile and shear strength of the interface were evaluated using indirect 
splitting tensile and bi-surface shear test method. In this research, fiber addition were prepared using 1 kg/m3 PPF and various 
SF addition ranging from 15 kg/m3, 20 kg/m3, 25 kg/m3 and 30 kg/m3. Test results indicate that hybrid fiber addition does not 
affect the compressive strength significantly but it leads positive improvement to the splitting tensile and flexural strength of 
hardened SCC and also improve the bond strength between SCC and normal concrete. Hybrid fiber addition of 1 kg/m3 PPF 
which is combined with 20 kg/m3 SF can be suggested as optimum composition for Hybrid Fiber Reinforced Self-Compacting 
Concrete (HyFRSCC) that will be used as topping or overlay material based on its hardened properties and interface strength.
Keywords: SCC, hardened properties, interface strength, polypropylene, steel fiber.
1 INTRODUCTION 
In construction field, the problem that related with 
different ages of concrete layers, both for new 
structures, strengthening and rehabilitation of 
existing ones become more prominent. Proper bond 
strength at the interface is required for composite 
action between new and old concrete. The strength 
capacity of tensile and shear stresses at the interface 
between concrete faces of different ages is very 
important to create force transfer between pre-cast 
elements, including add in-situ concrete to pre-cast 
elements or to existing cast-in-place sections. Even 
for conventional reinforced concrete construction in 
which entirely cast-in-situ structures, construction 
joints are sometimes unavoidable due to geometric 
or technical considerations. Figure 1 and Figure 2 
illustrates the working stresses which can be 
observed in concrete interface for common structural 
application. 
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Figure 2. Adhesion stress modes in the upper pavement layers under service conditions (Raab and Partl, 2004)
Nowadays, semi-precast, repair and strengthening 
technique for concrete structures has been widely 
used, including of thin layer application of fiber 
reinforced concrete (FRC) onto the old concrete layer. 
Addition of steel fibers generally contributes on the 
energy absorbing mechanism (bridging action), while 
non-metallic fibers offer its ability to delay the 
formation of micro-cracks and avoid catastrophic 
breaking and also has much lower density (Sivakumar 
and Santhanam, 2007). In order to optimized the 
benefits of fiber addition in concrete construction, the 
application of different fiber types into fresh concrete
mixes was introduced and commonly known as hybrid 
fiber reinforced concrete (HyFRC). It becomes more 
popular in these recent years and expected to provide 
better physical and mechanical properties in concrete 
construction. 
Another benefit that possibly obtain d by fibers 
addition in concrete mixture is reducing cracks 
potential of concrete due to the restrained shrinkage 
(Hwang and Khayat, 2008). This type of shrinkage 
mostly found in topping or overlay cases that caused 
by the difference of shrinkage rate between substrate 
and topping or overlay layer as shown in Figure 3. 
Figure 3. Cracking and edge lifting of a concrete overlay exposed to shrinkage (Carlswarld, 2006) 
In the other hand, a continuous development and 
application of self-compacting concrete (SCC) 
technology is growing rapidly. The use of SCC offers 
considerable benefits for thin topping and overlay 
works due to its ability to flow, spread, and 
compacting by its own weight. Fibers addition offers 
positive effects for their ability to limit concrete 
shrinkage cracks at early age and to enhance some of 
the concrete properties, but fibers addition in SCC 
mixes also resulted negative effects on the flowability 
and passing-ability of fresh SCC (Widodo, 2010). 
Therefore, proper concrete composition of fiber 
reinforced self-compacting concrete should be 
identified. 
Based on facts that the performance of semi-preca t 
and strengthened structural system depends on the 
bonding behavior between old and new concretes, this
preliminary research aimed to investigate the effects 
of hybrid fiber (mixed polypropylene and steel fibers) 
addition on compressive, splitting tensile and flexural 
strength of hardened SCC. Furthermore, effects of 
fiber addition on interface tensile and shear bond 
strength of HyFRSCC which used as topping or 
overlay layer on normal concrete substrate is also 
wanted to be known. Therefore, the optimum addition 
of hybrid fiber into SCC mixes which aimed to be 
used as topping or overlay layer can be predicted
based on the experimental results. 
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Abstract: Sustainable structural engineering is based on the basic principle that the energy and resources consumption due to 
the erection and operation of a building or structure must be minimized. For the structural engineer this opens up two possibili-
ties: On the one hand, the embedded energy necessary for the erection of the building must be minimized, for example by us-
ing cement reduced concretes. On the other hand, this approach only leads to a sufficient sustainability if a sufficient durability 
of the structure is guaranteed. This means that the durability of the structures, and especially of our infrastructure, must be suf-
ficient to withstand the different environmental exposures during the planned service life. Therefore it is necessary to use dura-
ble building materials in connection with elaborated tools which allow for the prediction of the time dependent material beha-
viour. Against this background this paper focuses on the properties, mainly the durability and the sustainability of new types of 
concrete, with a special focus on Ultra High Performance Concrete. Furthermore, the basic tools of probabilistic design con-
cepts for durability and the related material models are dealt with and different applications in practice will be shown. Particu-
lar emphasis is laid on the failure analysis and the risk assessment. New approaches will be presented to deal with coupled de-
gradation processes and to integrate durability design with singular structural damages (e.g. failure of pre-stressing).
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1 INRTODUCTION 
In the recent past the concept of sustainable develop-
ment came into the focus of public and political 
awareness. The most important principle of this con-
cept is that the current resource consumption must not 
affect the needs of future generations. As buildings or 
constructions are usually realized to last 50 or more 
years – i.e. more than one generation –, the building 
industry plays a key role in all kinds and strategies for 
sustainable development. This holds particularly true 
before the background that the construction industry is 
responsible for a significant percentage of the material 
and energy use by mankind. The realisation of the 
principle of sustainable development requires durable 
building materials in connection with a method for 
service life design of concrete structures.  
2 NEW TYPES OF STRUCTURAL CONCRETES 
In the last two decades considerable progress in con-
crete technology has taken place. New types of con-
crete, such as self-compacting concrete (SCC) and 
high strength concrete (HSC), are produced and ap-
plied in practice on a routine basis. Today even ultra 
high strength concrete (UHPC), reaching compressive 
strength values above 200 MPa, may be produced and 
applied for precast concrete elements. Further, prom-
ising trends such as ultra ductile concrete, ecological 
concrete (green concrete) and textile concrete are un-
der way. Particularly, green concrete – which is a type 
of structural concrete with reduced environmental im-
pact in terms of reduced energy consumption, reduced 
emissions to the atmosphere, reduced waste and re-
duced consumption of natural resources – is in the 
focus of the current research in the field of sustaina-
bility. Besides, also the strengthening of concrete by 
new materials reveals a remarkable potential for the 
improvement of concrete performance.  
It is not possible to treat the above mentioned special 
concretes in detail here. Hence, this paper concen-
trates on ultra high strength concrete, which is also a 
sustainable concrete as will be subsequently shown.
This type of concrete may be roughly characterized as 
a structural concrete with a compressive strength 
above 120 MPa achieved by a very low water/binder 
ratio and an optimized packing density of all granular 
raw materials. 
As the very high strength is always associated with a 
very high durability, i.e. excellent performance cha-
racteristics, this type of concrete is usually termed as 
Ultra High Performance Concrete. 
Mix design, composition and properties in the fresh 
and the hardened state of this special concrete deviate 
considerably from those of conventional structural 
concrete, as will be shown in the subsequent sections. 
Moreover, the related governing parameters and ef-
fects are dealt with in the following. 
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2.  EXPERIMENTAL WORKS 
2.1.  Materials and Mix Proportion 
In this research, polypropylene (PPF) and steel fibers 
(SF) were chosen and mixed as hybrid fiber. 
Polypropylene used due to its inexpensive, inert in 
high pH cementitious environment and easy to 
disperse. In this research, monofilament 
polypropylene with 18 µm diameter, 12 mm length, 
and 0.91 g/cm3 density were used. Steel fiber chosen 
as the macro fiber based on its proven ability on the 
energy absorbing mechanism (bridging action), and its 
ease to be found. The steel f ber that appli  in this
research is straight type local steel fiber having 25 
mm length, and 0.7 mm of diameter. 
The mixtures were prepared with Pozzolan Portland 
Cement (PPC). Continuously graded crushed 
aggregate which has specific gravity of 2.48 and 
maximum size of 20 mm was used as coarse 
aggregate as is commonly used the case in SCC 
mixes. Coarse aggregates were washed to remove fine 
sandy particles that can hinder the rheological 
properties of the fresh concrete. Well-graded natural 
sand which has specific gravity of 2.65 was employed
as the fine aggregate. Silica fume, polycarboxylate 
based superplastisticizer, Air Entraining Agent 
(AEA), and set r ta der we  also utilized as concre e
admixtures in his research. Fib r addition were 
applied using 1 kg/m3 of polypropylene fibers ( ased
on the optimum PPF addition that achieved in the 
previous preliminary research), and various steel fiber
addition of 15 kg/m3, 20 kg/m3, 25 kg/m3 and 30 
kg/m3 into the mixes. Detail of mixes proportion can 
be found in the following Table 1. 
Table 1. Mix Proportion 
Material Mix Type
A B C D E
Water (lt/m3) 227.00 227.00 227.00 227.00 227.00
Portland Cement (kg/m3) 490.00 490.00 490.00 490.00 490.00
Silica fume (kg/m3) 25.80 25.80 25.80 25.80 25.80
Coarse Aggregate (kg/m3) 575.00 575.00 575.00 575.00 575.00
Sand (kg/m3) 950.00 950.00 950.00 950.00 950.00
Superplasticizer (lt/m3) 4.28 4.28 4.28 4.28 4.28
Air Entrai ing Agent (lt/m3) 0.30 0.30 0.30 0.30 0.30
Set Retarder (lt/m3) 1.45 1.45 1.45 1.45 1.45
Polypropyl  (kg/m3) 1.00 1.00 1.00 1.00 1.00
Steel fibers (kg/m3) 0.00 15.00 20.00 25.00 30.00
2.2.  Test Methods 
Fresh properties of SCC were evaluated using slump 
flow test which is usually required a minimum flow 
diameter of 600 mm for SCC mixes (EFNARC, 
2005). In the first stage of experiment, the 
compressive, splitting tensile and flexural strength of 
SCC specimens was investigated. Concrete samples 
were cured with water immersion method for 28 days.  
In he next step, the interface tensile and shear bo
strength of HyFRSCC which is used as topping or 
ov rlay layer on ormal concrete substrate is also
investigated. The substrate d signed based on
Indonesia National Standard of normal concrete mix
design with 27 MPa of compressive strength. 
Concrete substrate  we e immersed in water for 28
days, and th n the topping or overlay laye  pour d on 
the SSD substrate, and cured for th  next 28 days for
interfa e bond strength tests. 
Compressive strength tests for all the variants of 
concrete mixes with different fiber contents were done 
on three cylinders of 150 mm in diameter and 300 mm 
length, according to ASTM C-39. Flexural strength 
tested based on SNI 03-4154-1996 while Brazilian 
Tensile Strength test was carried out on three 
cylinders based on ASTM C-496. The tensile and 
flexural strength of hardened concrete was taken as 
the average of those three specimens for each variant. 
The interface tensile strength evaluated based on 
Brazilian tensile strength test which is shown in 
Figure 4(a). For the interface shear bond strength
evaluation, the concrete specimens tested using bi-
surface shear test with 150x150x150 mm cubes which
is proposed by Momayez et al (2005). The bi-surface 
shear test method is shown in Figure 4(b). As the 
results, the interface tensile and shear strength taken 
as the average of those three specimens for each 
variant.
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1 INRTODUCTION 
In the recent past the concept of sustainable develop-
ment came into the focus of public and political 
awareness. The most important principle of this con-
cept is that the current resource consumption must not 
affect the needs of future generations. As buildings or 
constructions are usually realized to last 50 or more 
years – i.e. more than one generation –, the building 
industry plays a key role in all kinds and strategies for 
sustainable development. This holds particularly true 
before the background that the construction industry is 
responsible for a significant percentage of the material 
and energy use by mankind. The realisation of the 
principle of sustainable development requires durable 
building materials in connection with a method for 
service life design of concrete structures.  
2 NEW TYPES OF STRUCTURAL CONCRETES 
In the last two decades considerable progress in con-
crete technology has taken place. New types of con-
crete, such as self-compacting concrete (SCC) and 
high strength concrete (HSC), are produced and ap-
plied in practice on a routine basis. Today even ultra 
high strength concrete (UHPC), reaching compressive 
strength values above 200 MPa, may be produced and 
applied for precast concrete elements. Further, prom-
ising trends such as ultra ductile concrete, ecological 
concrete (green concrete) and textile concrete are un-
der way. Particularly, green concrete – which is a type 
of structural concrete with reduced environmental im-
pact in terms of reduced energy consumption, reduced 
emissions to the atmosphere, reduced waste and re-
duced consumption of natural resources – is in the 
focus of the current research in the field of sustaina-
bility. Besides, also the strengthening of concrete by 
new materials reveals a remarkable potential for the 
improvement of concrete performance.  
It is not possible to treat the above mentioned special 
concretes in detail here. Hence, this paper concen-
trates on ultra high strength concrete, which is also a 
sustainable concrete as will be subsequently shown.
This type of concrete may be roughly characterized as 
a structural concrete with a compressive strength 
above 120 MPa achieved by a very low water/binder 
ratio and an optimized packing density of all granular 
raw materials. 
As the very high strength is always associated with a 
very high durability, i.e. excellent performance cha-
racteristics, this type of concrete is usually termed as 
Ultra High Performance Concrete. 
Mix design, composition and properties in the fresh 
and the hardened state of this special concrete deviate 
considerably from those of conventional structural 
concrete, as will be shown in the subsequent sections. 
Moreover, the related governing parameters and ef-
fects are dealt with in the following. 
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2.  EXPERIMENTAL WORKS 
2.1.  Materials and Mix Proportion 
In this research, polypropylene (PPF) and steel fibers 
(SF) were chosen and mixed as hybrid fiber. 
Polypropylene used due to its inexpensive, inert in 
high pH cementitious environment and easy to 
disperse. In this research, monofilament 
polypropylene with 18 µm diameter, 12 mm length, 
and 0.91 g/cm3 density were used. Steel fiber chosen 
as the macro fiber based on its proven ability on the 
energy absorbing mechanism (bridging action), and its 
ease to be found. The steel fiber that applied in this 
research is straight type local steel fiber having 25 
mm length, and 0.7 mm of diameter. 
The mixtures were prepared with Pozzolan Portland 
Cement (PPC). Continuously graded crushed 
aggregate which has specific gravity of 2.48 and 
maximum size of 20 mm was used as coarse 
aggregate as is commonly used the case in SCC 
mixes. Coarse aggregates were washed to remove fine 
sandy particles that can hinder the rheological 
properties of the fresh concrete. Well-graded natural 
sand which has specific gravity of 2.65 was employed
as the fine aggregate. Silica fume, polycarboxylate 
based superplastisticizer, Air Entraining Agent 
(AEA), and set retarder were also utilized as concrete 
admixtures in this research. Fiber addition were 
applied using 1 kg/m3 of polypropylene fibers (based
on the optimum PPF addition that achieved in the 
previous preliminary research), and various steel fiber
addition of 15 kg/m3, 20 kg/m3, 25 kg/m3 and 30 
kg/m3 into the mixes. Detail of mixes proportion can 
be found in the following Table 1. 
Table 1. Mix Proportion 
Material Mix Type
A B C D E
Water (lt/m3) 227.00 227.00 227.00 227.00 227.00
Portland Cement (kg/m3) 490.00 490.00 490.00 490.00 490.00
Silica fume (kg/m3) 25.80 25.80 25.80 25.80 25.80
Coarse Aggregate (kg/m3) 575.00 575.00 575.00 575.00 575.00
Sand (kg/m3) 950.00 950.00 950.00 950.00 950.00
Superplasticizer (lt/m3) 4.28 4.28 4.28 4.28 4.28
Air Entraining Agent (lt/m3) 0.30 0.30 0.30 0.30 0.30
Set Retarder (lt/m3) 1.45 1.45 1.45 1.45 1.45
Polypropylene (kg/m3) 1.00 1.00 1.00 1.00 1.00
Steel fibers (kg/m3) 0.00 15.00 20.00 25.00 30.00
2.2.  Test Methods 
Fresh properties of SCC were evaluated using slump 
flow test which is usually required a minimum flow 
diameter of 600 mm for SCC mixes (EFNARC, 
2005). In the first stage of experiment, the 
compressive, splitting tensile and flexural strength of 
SCC specimens was investigated. Concrete samples 
were cured with water immersion method for 28 days.  
In the next step, the interface tensile and shear bond 
strength of HyFRSCC which is used as topping or 
overlay layer on normal concrete substrate is also 
investigated. The substrate designed based on 
Indonesia National Standard of normal concrete mix 
design with 27 MPa of compressive strength. 
Concrete substrates were immersed in water for 28 
days, and then the topping or overlay layer poured on 
the SSD substrate, and cured for the next 28 days for 
interface bond strength tests. 
Compressive strength tests for all the variants of 
concrete mixes with different fiber contents were done 
on three cylinders of 150 mm in diameter and 300 mm 
length, according to ASTM C-39. Flexural strength 
tested based on SNI 03-4154-1996 while Brazilian 
Tensile Strength test was carried out on three 
cylinders based on ASTM C-496. The tensile and 
flexural strength of hardened concrete was taken as 
the average of those three specimens for each variant. 
The interface tensile strength evaluated based on 
Brazilian tensile strength test which is shown in 
Figure 4(a). For the interface shear bond strength
evaluation, the concrete specimens tested using bi-
surface shear test with 150x150x150 mm cubes which
is proposed by Momayez et al (2005). The bi-surface 
shear test method is shown in Figure 4(b). As the 
results, the interface tensile and shear strength taken 
as the average of those three specimens for each 
variant.
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   (a) Indirect Tensile Test            (b) Bi-surface Shear Test
Figure 4. Interface Bond Strength Test
3.  RESULT AND DISCUSSION 
3.1. Fresh Concrete Properties 
The fresh properties of SCC mixes were evaluated 
using Slump flow Test set. The measurement of fresh 
concrete characteristic using slump flow test is shown 
in Figure 5. Flowability characteristic of SCC mixes 
determined based on the average those two main 
diameters of the spread of fresh concrete using a 
conventional slump cone. 
Figure 5. Slump flow measurement
The results of the fresh concrete spread diameter 
which resulted from slump flow test can be found in
the following Table 2. Based on the results, it can be 
observed that the flowability (Slump Flow) of SCC 
decreases when the presence of polypropylene and 
steel fiber increased.
Table 2. Slump flow test results






A 67.00 69.00 68.00
B 59.00 63.50 61.25
C 59.00 62.50 60.75
D 58.00 59.00 58.50
E 54.00 56.00 55.00
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1 INRTODUCTION 
In the recent past the concept of sustainable develop-
ment came into the focus of public and political 
awareness. The most important principle of this con-
cept is that the current resource consumption must not 
affect the needs of future generations. As buildings or 
constructions are usually realized to last 50 or more 
years – i.e. more than one generation –, the building 
industry plays a key role in all kinds and strategies for 
sustainable development. This holds particularly true 
before the background that the construction industry is 
responsible for a significant percentage of the material 
and energy use by mankind. The realisation of the 
principle of sustainable development requires durable 
building materials in connection with a method for 
service life design of concrete structures.  
2 NEW TYPES OF STRUCTURAL CONCRETES 
In the last two decades considerable progress in con-
crete technology has taken place. New types of con-
crete, such as self-compacting concrete (SCC) and 
high strength concrete (HSC), are produced and ap-
plied in practice on a routine basis. Today even ultra 
high strength concrete (UHPC), reaching compressive 
strength values above 200 MPa, may be produced and 
applied for precast concrete elements. Further, prom-
ising trends such as ultra ductile concrete, ecological 
concrete (green concrete) and textile concrete are un-
der way. Particularly, green concrete – which is a type 
of structural concrete with reduced environmental im-
pact in terms of reduced energy consumption, reduced 
emissions to the atmosphere, reduced waste and re-
duced consumption of natural resources – is in the 
focus of the current research in the field of sustaina-
bility. Besides, also the strengthening of concrete by 
new materials reveals a remarkable potential for the 
improvement of concrete performance.  
It is not possible to treat the above mentioned special 
concretes in detail here. Hence, this paper concen-
trates on ultra high strength concrete, which is also a 
sustainable concrete as will be subsequently shown.
This type of concrete may be roughly characterized as 
a structural concrete with a compressive strength 
above 120 MPa achieved by a very low water/binder 
ratio and an optimized packing density of all granular 
raw materials. 
As the very high strength is always associated with a 
very high durability, i.e. excellent performance cha-
racteristics, this type of concrete is usually termed as 
Ultra High Performance Concrete. 
Mix design, composition and properties in the fresh 
and the hardened state of this special concrete deviate 
considerably from those of conventional structural 
concrete, as will be shown in the subsequent sections. 
Moreover, the related governing parameters and ef-
fects are dealt with in the following. 
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3.2. Mechanical Properties
Table 3 shows the compressive, splitting tensile and 
flexural strength of the hardened concrete specimens
which are added with various steel fiber dosages into 
fresh concrete mixes that contain 0.10% volume 
fraction of polypropylene fiber which is equal to ±1 
kg/m3, and measured after 28 days of curing. 
Table 3. Effects of Hybrid Fiber Addition on Hardened Self-Compacting Concrete Properties






A 36.00 3.15 3.43
B 34.75 3.40 3.70
C 36.83 4.16 3.99
D 36.15 4.08 3.81
E 32.82 3.33 3.70
Figure 6, Figure 7 and Figure 8 shows the effects of 
hybrid fiber content on compressive, splitting tensile 
and flexural strength of the hardened concrete
respectively. Test results show that the compressive 
strength not affected significantly by hybrid fiber 
ddition whil the splitting tensile and flexural 
strength of concrete samples increase in accordance 
with the increase of hybrid fiber content up to the 
fiber c mbination of 1 kg/m3 of polypropylene and 20 
























A B C D E
Mix Type
Figure 6. Effects of Hybrid Fiber Addition on Self-Compacting Concrete Compressive Strength
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1 INRTODUCTION 
In the recent past the concept of sustainable develop-
ment came into the focus of public and political 
awareness. The most important principle of this con-
cept is that the current resource consumption must not 
affect the needs of future generations. As buildings or 
constructions are usually realized to last 50 or more 
years – i.e. more than one generation –, the building 
industry plays a key role in all kinds and strategies for 
sustainable development. This holds particularly true 
before the background that the construction industry is 
responsible for a significant percentage of the material 
and energy use by mankind. The realisation of the 
principle of sustainable development requires durable 
building materials in connection with a method for 
service life design of concrete structures.  
2 NEW TYPES OF STRUCTURAL CONCRETES 
In the last two decades considerable progress in con-
crete technology has taken place. New types of con-
crete, such as self-compacting concrete (SCC) and 
high strength concrete (HSC), are produced and ap-
plied in practice on a routine basis. Today even ultra 
high strength concrete (UHPC), reaching compressive 
strength values above 200 MPa, may be produced and 
applied for precast concrete elements. Further, prom-
ising trends such as ultra ductile concrete, ecological 
concrete (green concrete) and textile concrete are un-
der way. Particularly, green concrete – which is a type 
of structural concrete with reduced environmental im-
pact in terms of reduced energy consumption, reduced 
emissions to the atmosphere, reduced waste and re-
duced consumption of natural resources – is in the 
focus of the current research in the field of sustaina-
bility. Besides, also the strengthening of concrete by 
new materials reveals a remarkable potential for the 
improvement of concrete performance.  
It is not possible to treat the above mentioned special 
concretes in detail here. Hence, this paper concen-
trates on ultra high strength concrete, which is also a 
sustainable concrete as will be subsequently shown.
This type of concrete may be roughly characterized as 
a structural concrete with a compressive strength 
above 120 MPa achieved by a very low water/binder 
ratio and an optimized packing density of all granular 
raw materials. 
As the very high strength is always associated with a 
very high durability, i.e. excellent performance cha-
racteristics, this type of concrete is usually termed as 
Ultra High Performance Concrete. 
Mix design, composition and properties in the fresh 
and the hardened state of this special concrete deviate 
considerably from those of conventional structural 
concrete, as will be shown in the subsequent sections. 
Moreover, the related governing parameters and ef-
fects are dealt with in the following. 
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3.2. Mechanical Properties
Table 3 shows the compressive, splitting tensile and 
flexural strength of the hardened concrete specimens
which are added with various steel fiber dosages into 
fresh concrete mixes that contain 0.10% volume 
fraction of polypropylene fiber which is equal to ±1 
kg/m3, and measured after 28 days of curing. 
Table 3. Effects of Hybrid Fiber Addition on Hardened Self-Compacting Concrete Properties






A 36.00 3.15 3.43
B 34.75 3.40 3.70
C 36.83 4.16 3.99
D 36.15 4.08 3.81
E 32.82 3.33 3.70
Figure 6, Figure 7 and Figure 8 shows the effects of 
hybrid fiber content on compressive, splitting tensile 
and flexural strength of the hardened concrete
respectively. Test results show that the compressive 
strength not affected significantly by hybrid fiber 
addition while the splitting tensile and flexural 
strength of concrete samples increase in accordance 
with the increase of hybrid fiber content up to the 
fiber combination of 1 kg/m3 of polypropylene and 20 
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Figure 6. Effects of Hybrid Fiber Addition on Self-Compacting Concrete Compressive Strength
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Figure 8. Effects of Hybrid Fiber Addition on Self-Compacting Concrete Flexural Strength
The improvement of splitting tensile up to 32.06% and 
flexural strength up to 16.33% can be achieved, due to 
the fact that steel fiber able to bridge the macro-cracks 
while polypropylene fiber bridges micro-cracks of 
which growth can be controlled. This leads to a higher 
strength of the hardened concrete. If the fibers 
addition passes over the optimum value, the instability 
of the fresh concrete samples can be observed and 
realized earlier when these mixes do not spread 
perfectly in the slump-flow tests. This condition could
probably leads to a decrease in concrete strength. 
3.3. Interface Bond Strength 
Table 4, Figure 9 and Figure10 shows the effect of 
hybrid fiber addition on indirect tensile and shear 
bond strength of the interface between normal 
concrete substrate and fiber reinforced self-
compacting concrete topping. The SCC mixes were 
added with various steel fiber dosages into fresh 
concrete which is containing 0.10% volume fraction 
of polypropylene fiber that equal to ±1 kg/m3. The 
interface bond strength was measured at 28 days of 
age after the topping layers cast and cured.
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Table 4. Effects of Fiber Addition in the Topping Layer on the Interface Bond Strength between Concrete Faces  
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Figure 10. Effects of Hybrid Fiber Addition on Int rface shear Strength between Self-Compacting Concrete Topping on 
Normal concrete Substrate
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Figure 10. Effects of Hybrid Fiber Addition on Interface shear Strength between Self-Compacting Concrete Topping on 
Normal concrete Substrate
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The improvement of interface indirect tensile up to 
124.77% and the interface shear strength up to 
88.92% can be achieved, due to the fact that hybrid 
fibers having better ability in reducing cracks potential 
of concrete due to restrained shrinkage. This leads to a 
higher strength of the interface between concrete 
faces. When the fibers addition passes over the 
optimum value, the instability of the fresh concrete 
mixes which was visually observed earlier in the 
slump-flow tests may have negative effect that lead to 
a decrease in concrete interface strength.
4. CONCLUSIONS 
1. Flowability (Slump Flow) of SCC decreases when 
the presence of polypropylene and steel fiber 
increased.
2. The compressive strength of self-compacting 
concrete samples can not increased significantly by 
hybrid fiber addition into the mixes.  
3. The splitting tensile strength of self-compacting 
concrete shows 32.06% improvement with an 
addition of hybrid fibers containing 1 kg/m3 of 
polypropylene and 20 kg/m3 of steel fiber.
4. The flexural strength of self-compacting concrete 
increases 16.33% with the application of hybrid 
fibers that combine 1 kg/m3 of polypropylene and 
20 kg/m3 of steel fiber.
5. The interface indirect tensile bond strength
between normal concrete substrate and self-
compacting concrete topping can be improved up 
to 124.77% with an addition of hybrid fibers which 
contain 1 kg/m3 of polypropylene and 20 kg/m3 of 
steel fiber.
6. Test results indicate that interface shear bond 
strength between normal concrete substrate and 
self-compacting concrete topping increases up to
88.92% when hybrid fibers applied with 1 kg/m3 of 
polypropylene and 20 kg/m3 of steel fiber.
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